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$EVWUDFW²,W LV D JUHDW FKDOOHQJH WR GLIIHUHQWLDWH 3DUWLDO
'LVFKDUJH 3'LQGXFHGE\GLIIHUHQWW\SHVRI LQVXODWLRQGHIHFWVLQ
KLJK YROWDJH FDEOHV 6RPH W\SHV RI 3' VLJQDOV KDYH YHU\ VLPLODU
FKDUDFWHULVWLFVDQGDUHVSHFLILFDOO\GLIILFXOWWREHGLIIHUHQWLDWHHYHQ
IRUWKHPRVWH[SHULHQFHGVSHFLDOLVWV7RRYHUFRPHWKHFKDOOHQJHD
&RQYROXWLRQDO 1HXUDO 1HWZRUN &11 EDVHG GHHS OHDUQLQJ
PHWKRGRORJ\IRU3'SDWWHUQUHFRJQLWLRQLVSUHVHQWHGLQWKLVSDSHU
)LUVWO\ 3' WHVWLQJ IRU ILYH W\SHV RI DUWLILFLDO GHIHFWV RI
(WK\OHQH3URS\OHQH5XEEHU(35FDEOHVLVFDUULHGRXWLQWKH+LJK
9ROWDJH +9 ODERUDWRU\ WR JHQHUDWH VLJQDOV FRQWDLQLQJ 3' GDWD
6HFRQGO\VHWVRI3'WUDQVLHQWSXOVHVDUHH[WUDFWHGDQGWKHQ
NLQGVRI3'IHDWXUHVDUHHVWDEOLVKHG7KHWKLUGVWDJHDSSOLHVD&11
WR WKH GDWD W\SLFDO &11 DUFKLWHFWXUH DQG WKH NH\ IDFWRUV ZKLFK
DIIHFWWKH&11EDVHGSDWWHUQUHFRJQLWLRQDFFXUDF\DUHGHVFULEHG
)DFWRUV GLVFXVVHG LQFOXGH WKH QXPEHU RI WKH QHWZRUN OD\HUV
FRQYROXWLRQDONHUQHOVL]HDFWLYDWLRQIXQFWLRQDQGSRROLQJPHWKRG
7KH SDSHU SUHVHQWV WKH IORZFKDUW RI WKH &11 EDVHG 3' SDWWHUQ
UHFRJQLWLRQPHWKRGDQGWKHHYDOXDWLRQZLWKVHWVRI3'VDPSOHV
)LQDOO\WKH&11EDVHGSDWWHUQUHFRJQLWLRQUHVXOWVDUHVKRZQDQG
WKH SURSRVHG PHWKRG LV FRPSDUHG ZLWK WZR PRUH WUDGLWLRQDO
DQDO\VLV PHWKRGV LH 6XSSRUW 9HFWRU 0DFKLQH 690 DQG %DFN
3URSDJDWLRQ 1HXUDO 1HWZRUN %311 7KH UHVXOWV VKRZ WKDW WKH
SURSRVHG &11 PHWKRG KDV KLJKHU SDWWHUQ UHFRJQLWLRQ DFFXUDF\
WKDQ 690 DQG %311 DQG WKDW WKH QRYHO PHWKRG LV HVSHFLDOO\
HIIHFWLYH IRU 3' W\SH UHFRJQLWLRQ LQ FDVHV RI VLJQDOV RI KLJK
VLPLODULW\ZKLFKLVDSSOLFDEOHIRULQGXVWULDODSSOLFDWLRQV

,QGH[ 7HUPV²&RQYROXWLRQDO QHXUDO QHWZRUN GHHS OHDUQLQJ
KLJKYROWDJHFDEOHVSDUWLDOGLVFKDUJHSDWWHUQUHFRJQLWLRQ
, ,1752'8&7,21
$57,$/'LVFKDUJH3'PRQLWRULQJSOD\VDQLPSRUWDQWUROH
LQ HYDOXDWLQJ WKH FRQGLWLRQ RI FDEOH LQVXODWLRQ DQG LQ
LPSURYLQJ WKH UHOLDELOLW\ RISRZHU WUDQVPLVVLRQ DQGGLVWULEXWLRQ
V\VWHP >@ 2QOLQH RU RIIOLQH 3' EDVHG FRQGLWLRQ
PRQLWRULQJDQGIDXOWGLDJQRVLVKDYHEHHQLQFUHDVLQJO\UHSRUWHG

0DQXVFULSW UHFHLYHG2FWREHU7KLVZRUNZDVVXSSRUWHGE\.H\
7HFKQRORJLFDO 3URMHFW RI &KLQD 6RXWKHUQ 3RZHU *ULG &R /WG
*'.-;0 DQG 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD 16)&

;LDRVKHQJ3HQJ)DQ<DQJ/L/HH=KDRKXL/LDQG$VKIDTXH$KPHGDUH
ZLWK 6WDWH .H\ /DERUDWRU\ RI $GYDQFHG (OHFWURPDJQHWLF (QJLQHHULQJ DQG
7HFKQRORJ\ 6FKRRO RI (OHFWULFDO DQG (OHFWURQLF (QJLQHHULQJ +XD]KRQJ
8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\:XKDQ&KLQD
*DQMXQ:DQJDQG<LMLDQJ:XDUHZLWK=KRQJVKDQ3RZHU6XSSO\%XUHDXRI
WKH*XDQJGRQJ3RZHU*ULG&RUSRUDWLRQ*XDQJGRQJ&KLQD
&KHQJNH=KRXDQG'RQDOG0+HSEXUQDUHZLWKVFKRRORIHQJLQHHULQJDQG
EXLOWHQYLURQPHQW*ODVJRZ&DOHGRQLDQ8QLYHUVLW\*ODVJRZ*%$8.
$OLVWDLU 5HLG LV ZLWK &DUGLII 6FKRRO RI (QJLQHHULQJ &DUGLII 8QLYHUVLW\
4XHHQ¶V%XLOGLQJV7KH3DUDGH&DUGLII&)$$8.
0DUWLQ'-XGGLVZLWK+LJK)UHTXHQF\'LDJQRVWLFVDQG(QJLQHHULQJ/WG
*ODVJRZ*%;8.
: + 6LHZ LV ZLWK 'HSDUWPHQW RI (OHFWURQLF 	 (OHFWULFDO (QJLQHHULQJ
8QLYHUVLW\RI6WUDWKFO\GH*ODVJRZ*;:8.
LQ LQGXVWULDO DSSOLFDWLRQV >@ +RZHYHU GLIIHUHQWLDWLQJ
IDXOWGHIHFW W\SHWKURXJK3'SDWWHUQUHFRJQLWLRQLVRQHRIWKH
PRVWGLIILFXOWFKDOOHQJHVDQGWKLVKDVUHVWULFWHGWKHODUJHVFDOH
LQGXVWULDO DSSOLFDWLRQ RI 3' EDVHG FRQGLWLRQ PRQLWRULQJ 3'
VLJQDOV LQGXFHG E\ LQVXODWLRQ GHIHFWV ZKLFK VKRZ D KLJK
VLPLODULW\LQWKH3'SDWWHUQVWUXFWXUHDUHHVSHFLDOO\GLIILFXOWWR
GLVWLQJXLVK>@
7R RYHUFRPH WKH FKDOOHQJH RI GLIIHUHQWLDWLQJ IDXOW W\SH
GLIIHUHQWSDWWHUQUHFRJQLWLRQPHWKRGVKDYHEHHQXVHGWRGHWHFW
3'SDWWHUQVHJ'HFLVLRQ7UHH'7%DFN3URSDJDWLRQ1HXUDO
1HWZRUN%3116XSSRUW9HFWRU0DFKLQH690DQG5RXJK
6HW 56 7KHRU\ >@ $PRQJ WKHVH PHWKRGV 690 DQG
%311KDYHEHHQZLGHO\XVHGGXHWRWKHH[FHOOHQWDQGVWDEOH
SDWWHUQ UHFRJQLWLRQ SHUIRUPDQFH >@ ,Q UHIHUHQFH >@
:DYHOHW7UDQVIRUP:7DQG690DUHFRPELQHGWRUHFRJQL]H
3'VLJQDOV IURP GLIIHUHQW VRXUFHV ,Q UHIHUHQFH>@3DUWLFOH
6ZDUP 2SWLPL]DWLRQ 362 LV HPSOR\HG WR RSWLPL]H WKH
SDUDPHWHUV RI 690 DSSOLHG WR GLVWLQJXLVK 3' VLJQDOV IURP
GLIIHUHQW VRXUFHV LQ *DV ,QVXODWHG 6ZLWFKJHDU *,6 ,Q
UHIHUHQFH>@WZRW\SHVRI%311ZLWKWKHLQSXWSDUDPHWHUV
RI 3KDVH 5HVROYHG 3DUWLDO 'LVFKDUJH 353' SDWWHUQ DQG
7LPH5HVROYHG 3DUWLDO 'LVFKDUJH 753' SDWWHUQ DUH
FRPELQHG WR LPSURYH WKH SDWWHUQ UHFRJQLWLRQ DFFXUDF\ RI
GLIIHUHQWW\SHVRI3'VLJQDOVIURP*,6
+RZHYHULWKDVEHHQUHFRJQL]HGWKDWWKHWUDGLWLRQDOPDFKLQH
OHDUQLQJ PHWKRGV VXFK DV 690 DQG %311 KDYH PHW
ERWWOHQHFNV LQ WKHLU GHYHORSPHQW ZKLFK UHVWULFW IXUWKHU
LPSURYHPHQW RI WKH SDWWHUQ UHFRJQLWLRQ DFFXUDF\ ,Q UHFHQW
\HDUV GHHS OHDUQLQJ KDV EHHQ LPSRUWDQW LQ GHYHORSPHQW RI
$UWLILFLDO ,QWHOOLJHQFH $, DQG SDWWHUQ UHFRJQLWLRQ V\VWHPV
>@ 'HHS OHDUQLQJ PHWKRGV XVH GHHS QHXUDO QHWZRUNV
HPSOR\LQJPXOWLSOHQRQOLQHDUOD\HUV7KHVHKDYHWKHDELOLW\WR
FDSWXUHKLJKGLPHQVLRQDOQRQOLQHDULW\DQGFRPSOH[FRUUHODWLRQ
ZKLFKFDQQRWEHOHDUQHGE\WUDGLWLRQDOVKDOORZQHXUDOQHWZRUN
VWUXFWXUHV >@ 'HHS OHDUQLQJ PHWKRGV DUH FDSDEOH RI
VHOIOHDUQLQJDQGIHDWXUHDEVWUDFWLQJIURPPDVVLYHGDWDZKLFK
EULQJV QHZ SHUVSHFWLYHV DQG RSSRUWXQLWLHV IRU 3' SDWWHUQ
UHFRJQLWLRQ
7\SLFDO GHHS OHDUQLQJ PHWKRGV FRPSULVH RI &RQYROXWLRQDO
1HXUDO 1HWZRUN &11 6WDFNHG 'HQRLVLQJ $XWR(QFRGHUV
6'$( 5HFXUUHQW 1HXUDO 1HWZRUN 511 'HHS %HOLHI
1HWZRUN '%1 HWF &11 LVZLGHO\XVHG >@&11EDVHG
GHHS OHDUQLQJ DOJRULWKPV KDYH EHHQ VXFFHVVIXOO\ DSSOLHG LQ
PDQ\ILHOGVVXFKDVVSHHFKUHFRJQLWLRQDQGLPDJHUHFRJQLWLRQ
DQGDUHFRQVLGHUHGWREHRILQFUHDVLQJLPSRUWDQFHLQWKHSRZHU
LQGXVWU\>@,QFRPSDULVRQWRRWKHUGHHSOHDUQLQJPHWKRGV
WKHFRPSOH[LW\RI&11DQGWKHGLIILFXOW\RIWUDLQLQJWKHPDUH
$&RQYROXWLRQDO1HXUDO1HWZRUN%DVHG'HHS/HDUQLQJ
0HWKRGRORJ\IRU5HFRJQLWLRQRI3DUWLDO'LVFKDUJH3DWWHUQV
IURP+LJK9ROWDJH&DEOHV
;LDRVKHQJ3HQJ)DQ<DQJ*DQMXQ:DQJ<LMLDQJ:X/L/HH=KDRKXL/L$VKIDTXH$KPHG%KDWWL
&KHQJNH=KRX'RQDOG0+HSEXUQ$OLVWDLU5HLG0DUWLQ'-XGG:+6LHZ
3
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JUHDWO\ UHGXFHG WKURXJK WKH SDUDPHWHUV RI VKDULQJ DQG ORFDO
FRQQHFWLRQ ZKLFK DOVR UHGXFH WKH ULVN RI RYHUILWWLQJ >@
$FFRUGLQJ WR>@LWLVUHODWLYHO\HDV\WRFRQVWUXFWDQHWZRUN
ZLWKGHHSDUFKLWHFWXUHXVLQJ&11
$ &11 EDVHG GHHS OHDUQLQJ PHWKRGRORJ\ IRU 3' SDWWHUQ
UHFRJQLWLRQRIKLJKYROWDJHFDEOHVLVSUHVHQWHGLQWKLVSDSHUDQG
HYDOXDWHGZLWKVHWVRIGDWD7KHGDWDZDVJHQHUDWHGXVLQJ
W\SHVRI3'IDXOWXQGHUODERUDWRU\FRQGLWLRQV7KHSURSRVHG
PHWKRG LV FRPSDUHG ZLWK WZR WUDGLWLRQDO PDFKLQH OHDUQLQJ
PHWKRGV690DQG%3117KHUHVXOWVVKRZWKDW&11EDVHG
3'SDWWHUQUHFRJQLWLRQLVPRUHHIIHFWLYHWKDQ690DQG%311
DQGHVSHFLDOO\HIIHFWLYHDWGLIIHUHQWLDWLQJ3'W\SHVZKHUHWKH
SDWWHUQV KDYH KLJK VLPLODULW\ 7KLV PHWKRG LV DSSOLFDEOH QRW
RQO\WR3'SDWWHUQUHFRJQLWLRQLQ+9FDEOHVEXWDOVRWRDQDO\VLV
RI VLJQDOV IURP RWKHU +9 DSSDUDWXVHV VXFK DV *,6
WUDQVIRUPHUVJHQHUDWRUVHWF
,, 3''$7$*(1(5$7,21$1')($785(
(;75$&7,21
$ (35&DEOHDQG$UWLILFLDO'HIHFWV
)LYH W\SHV RI LQVXODWLRQ GHIHFWV IRXQG LQ (35 FDEOHV ZHUH
VLPXODWHGXVLQJDVHFWLRQRIFDEOHZKLFKKDVEHHQLQVHUYLFH
7KHDUWLILFLDOIDXOWVZHUHVWUHVVHGLQDKLJKYROWDJHODERUDWRU\
7KH (35 FDEOH FRPSULVHV RI DQ DOXPLQXP FRUH DQ LQQHU
VHPLFRQGXFWRU OD\HU DQ (35 OD\HU DQ RXWHU VHPLFRQGXFWRU
OD\HUDVKLHOGHGFRSSHUVWULSDQDOXPLQXPDUPRUOD\HUDQGD
SRO\YLQ\OFKORULGH39&VKHDWK$VFKHPDWLFRIWKH(35FDEOH
VWUXFWXUHDQGDVFKHPDWLFRIWKHGHIHFWVWUXFWXUHVDUHVKRZQLQ
)LJ
'HIHFW W\SH  VLPXODWLQJ D YRLG FURVVLQJ IURP WKH 39&
RYHUVKHDWKWRWKH(35LQVXODWLRQOD\HU7KHGHIHFWLVREWDLQHG
WKURXJK WKH IROORZLQJ SURFHGXUH D F\OLQGULFDO FDYLW\ LV
JHQHUDWHG E\ D SUHFLVLRQ  PP GLDPHWHU 3ULQWHG &LUFXLW
%RDUG3&%GULOODQGWKHFRSSHUVWULSLQFRQWDFWZLWKWKHRXWHU
VHPLFRQGXFWRULVIL[HGRQWKHFLUFXODUKROHWRVHDOWKHGHIHFW
'HIHFWW\SHVLPXODWLQJDSURWUXVLRQRQWKHRXWHUFRQGXFWRU
&UHDWHGE\LQVHUWLQJDPPGLDPHWHU3&%GULOOLQWRWKHFDEOH
7KHGULOOUHPDLQVLQWRXFKZLWKWKHFRQGXFWLYHSDUWV
'HIHFW W\SH VLPXODWLQJD IORDWLQJSURWUXVLRQRQ WKHRXWHU
FRQGXFWRU&UHDWHGE\LQVHUWLQJD3&%GULOOLQWRWKHFDEOHEXW
HQVXULQJWKDWWKHFRQGXFWLYHSDUWVGRQRWWRXFKWKHGULOO
'HIHFWW\SHVLPXODWLQJDFDEOHKDYLQJH[WHUQDOGDPDJHKDV
DEUHDFKLQWKHRXWHUVHPLFRQGXFWRURIWKHFDEOH7RUHSOLFDWH
WKLVIDXOWW\SHDQDUHDPPîPPLVFXWIURPWKH39&VKHDWK
WKHVHPLFRQGXFWRUOD\HUDQGWKHVKLHOGLQJOD\HU
'HIHFWW\SHVLPXODWHV3'IURPDQHQGWHUPLQDWLRQRIDFDEOH
,WZDVJHQHUDWHGE\FRQQHFWLQJDSDUWRIWKHRXWHUFRSSHUVOHHYH
RIWKHFDEOHWRWKHV\VWHPHDUWK
*LYHQWKHVLPLODULW\RIFRQVWUXFWLRQRIGHIHFWVW\SHDQGW\SH
3'VLJQDOVJHQHUDWHGE\WKHVHGHIHFWVPLJKWEHDFKDOOHQJHWR
VHSDUDWH
% ([SHULPHQWDO6HWXSDQG3'3XOVH)HDWXUH([WUDFWLRQ
$FRPPHUFLDO+LJK)UHTXHQF\&XUUHQW7UDQVIRUPHU+)&7
KDYLQJDEDQGZLGWKIURPN+]WR0+]DVVKRZQLQ)LJ
ZDVDSSOLHGIRU3'GHWHFWLRQ
7KHSULQFLSOHRIWKH3'WHVWLQJV\VWHPZKLFKLVEDVHGRQWKH
,(& V\VWHP LV VKRZQ LQ)LJ  (35FDEOH VDPSOHVRI
OHQJWK  PHWHUV ZLWK WKH DUWLILFLDO GHIHFWV GHVFULEHG LQ
VHFWLRQZHUHFRQQHFWHGWRWKHKLJKYROWDJHVXSSO\IRU3'
WHVWLQJ 7KH +)&7 ZDV SODFHG DURXQG WKH HDUWK VWUDS RI WKH
(35 FDEOH WR FDSWXUH WKH3' VLJQDOV $ ZLGHEDQG DPSOLILHU
ZDVFRQQHFWHGWRWKH+)&7WRDGMXVWWKHVLJQDOIURP+)&7WR
WKHLQSXWOLPLWVRIWKHGDWDDFTXLVLWLRQ'$4V\VWHPZKLFKLV
/H&UR\;LRVFLOORVFRSH$YROWDJHSUREHZDVFRQQHFWHGWR
WKHKLJKYROWDJHVRXUFHWRJHWWKH+]SKDVHVLJQDOIRUIXWXUH
3'SDWWHUQDQDO\VLV7KH'$4UDWHRIWKHRVFLOORVFRSHZDVVHW
WR 06V DQG WKH '$4 WLPH OHQJWK ZDV VHW WR PV RQH
SRZHUF\FOHRIWKH+]SRZHUVXSSO\

7KH WHVW YROWDJH ZDV LQFUHDVHG IURP  WR 3' ,QFHSWLRQ
9ROWDJH 3',9 LQ VWHSV RI N9 XS WR WKH PD[LPXP WHVW
YROWDJH)RUGHIHFWW\SHVDQGWKHPD[LPXPYDOXHZDV
N9WKHUDWHGYROWDJHRIWKH(35FDEOH)RUGHIHFWW\SHVDQG
 WKHPD[LPXP YROWDJHZDVN9DQGN9 UHVSHFWLYHO\
5DZGDWDZDVORJJHGIRUHDFKWHVW7KHQXPEHURIVHWVRIUDZ
3' GDWD IRU HDFK WHVW YROWDJH RI WKH ILYH W\SHV RI GHIHFWV LV
VKRZQLQ7DEOH
)URP WKH UDZ GDWD 3' WUDQVLHQW SXOVHV ZHUH H[WUDFWHG WR
JHQHUDWH3'GDWDVHWVIRUILYHW\SHVRIDUWLILFLDOGHIHFW)URPWKH
FRPSOHWH GDWD  WUDQVLHQW SXOVHV ZHUH UDQGRPO\ VHOHFWHG
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DQDO\VLV UHOLHG XSRQ IHDWXUH H[WUDFWLRQ DV GLVFXVVHG LQ WKH
$OXPLQLXP&RUH
7\SH
7\SH
7\SH
7\SH
7\SH
,QQHUVHPLFRQGXFWRU
(35OD\HU
2XWHUVHPLFRQGXFWRU
:RXQG&XWDSH6KHDWK
39&RYHUVKHDWK
)LJ7KHFDEOHVWUXFWXUHDQGWKHDUWLILFLDOGHIHFWV
)LJ+)&7IUHTXHQF\UHVSRQVH
>ĞƌŽǇ ? ? ?yŝ ? ?',ǌ
Q=
N&
P=
,&d
ƌƚŝĨŝĐŝĂůĚĞĨĞĐƚsŽůƚĂŐĞƉƌŽďĞ
^ƚƌĞƐƐĐŽŶĞ
ĂďůĞƐĂŵƉůĞ
A? ? ?
Ě
 ? ? ?
Ě tŝĚĞ ?ďĂŶĚĂŵƉůŝĨŝĞƌtŝĚĞ ?ďĂŶĚĂƚƚĞŶƵĂƚŽƌ
ĂƌƚŚƐƚƌĂƉ
$&
)LJ7KHSULQFLSOHRIWKH3'WHVWLQJV\VWHP
!5(3/$&(7+,6/,1(:,7+<2853$3(5,'(17,),&$7,21180%(5'28%/(&/,&.+(5(72(',7


IROORZLQJVHFWLRQ
7$%/(,
3'7(6792/7$*($1'180%(52)'$7$6(76)25($&+'()(&77<3(
'HIHFW
W\SH

N9

N9

N9

N9

N9

N9

N9

N9

N9 6XP
7\SH          
7\SH          
7\SH          
7\SH          
7\SH          
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%DVHG RQ WKH  VDPSOHV RI 3' WUDQVLHQW SXOVHV IHDWXUH
H[WUDFWLRQ LQ ZKLFK LPSRUWDQW SDUDPHWHUV RI WKH VLJQDOV DUH
DFTXLUHGZDVFDUULHGRXW7KH3'SXOVHVLJQDOVDUHFRQVLGHUHG
LQWHUPVRIWKHIROORZLQJSDUDPHWHUVSXOVHZLGWK>@ULVH
WLPH >@ IDOO WLPH >@ SHDN YROWDJH SXOVH SRODULW\ PHDQ
YROWDJHURRWPHDQVTXDUH506YROWDJHVWDQGDUGGHYLDWLRQRI
SHDNSXOVHYROWDJHVNHZQHVVRISHDNSXOVHYROWDJHNXUWRVLVRI
SHDNSXOVHYROWDJHYROWDJHFUHVWIDFWRUSHDNPDJQLWXGHRYHU
506 YROWDJH IRUP IDFWRU 506 RYHU DYHUDJH YDOXH PDLQ
IUHTXHQF\ RI WUDQVLHQW SXOVH SKDVH DQJOH HTXLYDOHQW WLPH
OHQJWK 7 >@ HTXLYDOHQW EDQGZLGWK : >@ GLVFKDUJH
PDJQLWXGHLQSLFR&RXORPE
,QDGGLWLRQWRWKH3'IHDWXUHVGHVFULEHGDERYH:DYHOHW
7UDQVIRUP :7 DQDO\VLV ZDV DSSOLHG WR WKH WUDQVLHQW SXOVHV
>@7KHLQSXWVLJQDOVZHUHGHFRPSRVHGLQWRILYHOD\HUVDQG
ZDYHOHW IHDWXUHV ZHUH HVWDEOLVKHG IRU WKH ZDYHOHW WUDQVIRUP
)LQDOO\  W\SHV RI 3' IHDWXUHV ZHUH FRQVWUXFWHG DQG ZHUH
DSSOLHG DV WKH LQSXW SDUDPHWHUV RI WKH SDWWHUQ UHFRJQLWLRQ
PHWKRGV%311690DQG&11
7KHSULQFLSOHRIGHFRPSRVLWLRQRI3'WRH[WUDFWIHDWXUHVRI
WUDQVLHQW3'SXOVHVLVVKRZQLQ)LJ
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WKH VLJQDOV FRQVWUXFWHG DFFRUGLQJ WR WKHZDYHOHW FRHIILFLHQWV$L
UHSUHVHQWVWKHDSSUR[LPDWHFRPSRVLWLRQRIHDFKOD\HU[UHSUHVHQWV
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RIFDEOHGHIHFWV
)URP)LJWKHIROORZLQJFRQFOXVLRQVFDQEHGUDZQILUVWO\3'
W\SHLQUHGDQG3'W\SHLQEOXHDUHYHU\VLPLODUDVWKHWZR
353'SDWWHUQVRIWKHVHIDXOWVRYHUODS7KLVFRQILUPVWKHFRPPHQW
LQ VHFWLRQ ,,$ 6HFRQGO\ 3' W\SH  DQG 3' W\SH  VKRZ
GLIIHUHQFHVWR3'W\SHVDQGHJLQ)LJDWKH353'RI
GLVFKDUJHPDJQLWXGHGDWDSRLQWV IRU W\SHDQGKDYHD ORZHU
GHJUHHRIRYHUODSZLWK3'W\SHDQG
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VDPSOHVIURPIDXOWW\SHVZHUHLGHDOGDWDIRUSDWWHUQUHFRJQLWLRQ
PHWKRGHYDOXDWLRQDVW\SHVRI3'VLJQDOVKDGKLJKVLPLODULW\WR
HDFKRWKHUDQGW\SHVRI3'VLJQDOVKDGKLJKVLPLODULW\WRHDFK
RWKHUWKHVLPLODUGDWDVHWVKDGORZVLPLODULW\WRWKHRWKHUV
$GGLWLRQDODQDO\VLVZRXOGEHUHTXLUHGWRVHSDUDWHWKHIDXOWW\SHV
DQG WKHXVHRI&RQYROXWLRQDO1HXUDO1HWZRUNV ZDV VHOHFWHGDV
RXWOLQHGLQWKHIROORZLQJVHFWLRQ
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HTXLYDOHQWWLPHOHQJWKRI3'
,,, &2192/87,21$/1(85$/1(7:25.
&11ZDVLQIOXHQFHGE\WKHVWUXFWXUHRIWKHELRORJLFDOYLVLRQ
V\VWHPZKLFKLVZLWKWKHDELOLW\WR WDNHVSHFLILFIHDWXUHVDQG
ILJXUHRXWSDWWHUQVLQWKHYLVXDOLPDJHV>@,QWKHV
+XEHOHWDOGLVFRYHUHGWKDWYLVXDOLQIRUPDWLRQWUDQVPLWWHGIURP
WKHUHWLQDWRWKHEUDLQZDVSURFHVVHGE\VWLPXODWLQJUHVSHFWLYH
ILHOGV ZLWK PXOWLSOH OHYHOV >@ ,Q  )XNXVKLPD ILUVW
SURSRVHG 1HRFRJQLWURQ >@ ZKLFK LV D VHOIRUJDQL]LQJ
PXOWLOD\HU QHXUDO QHWZRUN EDVHG RQ WKH WKHRU\ RI UHVSHFWLYH
ILHOG ,Q  /H&XQ HW DO >@ SURSRVHG WKH ILUVW W\SH RI
FRQYROXWLRQDO QHXUDO QHWZRUN /H1HW E\ XWLOL]LQJ D
JUDGLHQWEDVHG EDFN SURSDJDWLRQ DOJRULWKP IRU VXSHUYLVHG
WUDLQLQJ ,Q  .UL]KHYVN\ HW DO ZRQ WKH LPDJH
FODVVLILFDWLRQ FRPSHWLWLRQ ,PDJH1HW /DUJH 6FDOH 9LVXDO
5HFRJQLWLRQ DQG &KDOOHQJH ZLWK $OH[1HW >@ &11 LV
ZLGHO\ DSSOLHG LQ LPDJH UHFRJQLWLRQ DQG VSHHFK UHFRJQLWLRQ
EHFDXVHRIWKHH[FHOOHQWIHDWXUHOHDUQLQJDELOLW\
$ 7\SLFDO$UFKLWHFWXUHRI&11
7KHW\SLFDOVWUXFWXUHRI&11LVVKRZQLQ)LJ$VVKRZQLQWKH
ORZHUOD\HUODEHOVWKH&11VWUXFWXUHLVFRPSULVHGRIRQHRUPRUH
DOWHUQDWHO\ FRQQHFWHG FRQYROXWLRQDO OD\HUV SRROLQJ OD\HUV DQG D
IXOO\FRQQHFWHGOD\HUIRUFODVVLILFDWLRQ,QJHQHUDOWKHLQSXWWRD
&11LVDRUGLPHQVLRQDORU'GDWDPDWUL[
7KHFRQYROXWLRQDO OD\HU LV XWLOL]HGGLUHFWO\ WRH[WUDFW IHDWXUHV
IURPWKH'RU'PDWUL[HVDQGPDSWKHH[WUDFWHGIHDWXUHVWRIRUP
QHZIHDWXUHPDSV7KHVWUXFWXUHLQZKLFKPXOWLSOHFRQYROXWLRQDO
OD\HUV DUH GLVWULEXWHG ZLWK SRROLQJ OD\HUV DOORZV WKH DELOLW\ WR
UHGXFHWKHVL]HRIIHDWXUHPDSVDQGJUDGXDOO\VHWXSIHDWXUHVZLWK
KLJKGHJUHHRIVSDWLDODQGXQLIRUPVWUXFWXUH7KHIXOO\FRQQHFWHG
OD\HULVDSSOLHGWRHVWLPDWHWKH3'SDWWHUQEDVHGRQWKHH[WUDFWHG
IHDWXUHV VHTXHQWLDOO\ FRQYH\HG E\ PXOWLSOH FRQYROXWLRQDO DQG
SRROLQJ OD\HUV ,Q PRVW FDVHV &11 EDVHG SDWWHUQ UHFRJQLWLRQ
V\VWHPVDUHWUDLQHGE\JUDGLHQWGHVFHQWDOJRULWKP>@2ULJLQDOO\
&11 LV D PDWKHPDWLFDO PRGHO ZKLFK VKRZV UDZ LQSXW WKURXJK
GDWD WUDQVIRUPDWLRQ DQG GLPHQVLRQDOLW\ UHGXFWLRQ ZLWK PXOWLSOH
OHYHOVWRDQHZIHDWXUHUHSUHVHQWDWLRQILHOG>@
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)LJ7KHVWUXFWXUHRI&11
7KHUH DUH PXOWLSOH NH\ IDFWRUV ZKLFK DIIHFW WKH SDWWHUQ
UHFRJQLWLRQDFFXUDF\RI&11 LQFOXGLQJ WKHQXPEHURIQHWZRUN
OD\HUVWKHVL]HRIWKHFRQYROXWLRQDONHUQHOWKHW\SHRIDFWLYDWLRQ
IXQFWLRQ DQG WKHSRROLQJPHWKRG DV GLVFXVVHG LQ WKH IROORZLQJ
VHFWLRQ
% 7KH1XPEHURI1HWZRUN/D\HUV
&11 KDYH D VSHFLDO QHWZRUN VWUXFWXUH LQ ZKLFK WKH QHWZRUN
QRGHVRIWKHDGMDFHQWWZROD\HUVDUHORFDOO\FRQQHFWHG,QDGGLWLRQ
&11V\VWHPVXVHVKDUHGSDUDPHWHUVRIFRQQHFWLRQZHLJKWVLQWKH
VDPH FRQYROXWLRQDO OD\HUV RU SRROLQJ OD\HUV >@ 7KHVH
FKDUDFWHULVWLFVJUHDWO\GHFUHDVHWKHQXPEHURISDUDPHWHUVUHGXFH
WKH FRPSOH[LW\ RI QHWZRUN WUDLQLQJ DQG WKH ULVN RI RYHU ILWWLQJ
>@ 7KHUHIRUH &11 KDV JUHDW DGYDQWDJHV LQ FRQVWUXFWLQJ
GHHS DUFKLWHFWXUHQHXUDO QHWZRUNV DQGSURYLGHV VXSHULRU IHDWXUH
OHDUQLQJFDSDELOLW\>@
$V WKH QXPEHU RI QHWZRUN OD\HUV LQFUHDVHV WKH IHDWXUH
DEVWUDFWLRQ DQG FDSDELOLWLHV RI &11 LQFUHDVH JUDGXDOO\ EXW WKH
QXPEHURISDUDPHWHUVUHTXLUHGIRUWUDLQLQJDOVRLQFUHDVHVDQGWKH
QHHGIRUVDPSOHGDWDYROXPHULVHVDFFRUGLQJO\ZKLFKZLOOUDLVH
WKHULVNRIRYHU ILWWLQJIRUVPDOOVDPSOHGDWD>@+RZHYHU
WKHUHLVQRWKHRUHWLFDOIUDPHZRUNRQKRZWRGHWHUPLQHWKHQXPEHU
RIQHWZRUNOD\HUV>@6RIRUWKHVXFFHVVDSSOLFDWLRQRI&11
EDVHG SDWWHUQ UHFRJQLWLRQ GLIIHUHQW QXPEHUV RI QHWZRUN OD\HUV
VKRXOGEHHYDOXDWHGZLWKWKHWUDLQLQJGDWD7KHQHWZRUNZLWKWKH
KLJKHVWSDWWHUQUHFRJQLWLRQDFFXUDF\FRXOGEHFKRVHQDVWKHLGHDO
&11DUFKLWHFWXUH
& 7KH6L]HRI&RQYROXWLRQDO.HUQHO
7KH&11FRQYROXWLRQDOOD\HUWKHPDLQEORFNKDVDVHULHVRI
FRQYROXWLRQDO NHUQHOV 'XULQJ WKH IRUZDUG SURSDJDWLRQ SURFHVV
HDFK FRQYROXWLRQDO NHUQHO FRQYROYHV ZLWK WKH LQSXW IHDWXUH
VWUXFWXUHIURPWKHHDUOLHUOD\HUWRSURGXFHFRQYROYHGIHDWXUHPDSV
7KH FRQYROYHG GDWD LV WKHQ VXEMHFWHG WR D QRQOLQHDU DFWLYDWLRQ
IXQFWLRQWRJHWWKHRXWSXWIHDWXUHPDSVRIWKHOD\HU
$Q H[DPSOH RI ' FRQYROXWLRQ LV VKRZQ LQ )LJ  $ î
FRQYROXWLRQDONHUQHOFRQYROYHVZLWKWKHîLQSXWIHDWXUHGLDJUDP
WRSURGXFHDQRXWSXWIHDWXUHEORFNZLWKXQLWVDUUDQJHGLQî
JULG 7KH FRQYROXWLRQDO NHUQHO FDQ EH UHJDUGHG DV D IHDWXUH
GHWHFWRUWKHQDOOWKHXQLWVLQDIHDWXUHPDSGHWHFWWKHVDPHSDWWHUQ
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EXWDWGLIIHUHQWORFDWLRQVLQWKHLQSXWIHDWXUHOD\RXW
7KHVL]HRIWKHFRQYROXWLRQDONHUQHODIIHFWVWKHSHUIRUPDQFHRI
IHDWXUHGHWHFWLQJGLUHFWO\ 0RUHRYHU WKHPDWHULDO FRPSOH[LW\RI
HDFKFRQYROXWLRQDORSHUDWLRQ LQ WKH&11 PRGHO LV WKHRUHWLFDOO\
OLQHDUZLWKWKHVLGHOHQJWKRIWKHFRQYROXWLRQDONHUQHO,IWKHVL]HRI
FRQYROXWLRQDO NHUQHO LV WRR VPDOO WKHQ WKH &11 PRGHO LV
VXVFHSWLEOHWRLQIRUPDWLRQORVVLQWKHSURFHVVRIIHDWXUHOHDUQLQJ
ZKLFKZLOOQHJDWLYHO\DIIHFWWKHSDWWHUQUHFRJQLWLRQSHUIRUPDQFH
,IWKHVL]HRIWKHFRQYROXWLRQDONHUQHOLVWRRELJWKHFRPSXWDWLRQDO
FRVWUDSLGO\LQFUHDVHV>@
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&RQYROXWLRQ
2XWSXWDIWHUFRQYROXWLRQ
)HDWXUHPDS 
)LJ6DPSOHRIFRQYROXWLRQDîNHUQHOFRQYROYHVZLWKDîLQSXWIHDWXUH
PDSWRSURGXFHDîIHDWXUHPDS
' 1RQOLQHDU$FWLYDWLRQ)XQFWLRQ
$QDFWLYDWLRQIXQFWLRQLVXVHGWRLQWURGXFHQRQOLQHDULWLHVWRWKH
&11ZKLFKSOD\V DQ LPSRUWDQW UROH LQGHWHUPLQLQJ WKHSDWWHUQ
UHFRJQLWLRQ SHUIRUPDQFH 7\SLFDO QRQOLQHDU DFWLYDWLRQ IXQFWLRQV
FRQWDLQK\SHUEROLFWDQJHQWIXQFWLRQWDQKVLJPRLGDQGUHFWLILHG
OLQHDUXQLWUHOX>@
*RRJOH %UDLQ SURSRVHG D QHZ W\SH RI VHOIJDWHG DFWLYDWLRQ
IXQFWLRQVZLVKZKLFKKDVDQXSSHUERXQGEXWQRORZHUERXQG
DFFRPSDQLHGZLWKVPRRWKDQGQRQPRQRWRQLFFKDUDFWHULVWLFV>@
>@SRLQWHGRXWWKDWGHHSOHDUQLQJPRGHOVZLWKVZLVKDFWLYDWLRQ
IXQFWLRQV KDYH EHWWHU SHUIRUPDQFH WKDQ WKH  ZLGHO\ XVHG UHOX
DFWLYDWLRQ IXQFWLRQDQGWKDWEHWWHUUHVXOWVZRXOGEHDFKLHYHGE\
GHHSQHXUDOQHWZRUNVXVLQJVZLVKLIVOLJKWO\VPDOOHUOHDUQLQJUDWH
DGRSWHGFRPSDUHGZLWKQHXUDOQHWZRUNVZLWKUHOX>@
$V WKH VDWXUDWLRQ SURSHUW\ RI VLJPRLG IXQFWLRQV KDYH WKH
FKDOOHQJHVRIJUDGLHQWGLVDSSHDULQJDQGKLJKFRPSXWDWLRQDOFRVWLW
LVGLIILFXOWWRHIIHFWLYHO\WUDLQWKHOLPLWVRIGHHSQHXUDOQHWZRUNV
ZLWK VLJPRLGV >@ 7KH WDQK IXQFWLRQ KDV VLPLODU VDWXUDWLRQ
FKDUDFWHULVWLFWRVLJPRLGVJLYLQJULVHWRVLPLODUSDWWHUQUHFRJQLWLRQ
DFFXUDF\LVVXHV,QFRPSDULVRQWRVLJPRLGDQGWDQKWKHOLQHDUDQG
XQVDWXUDWHG FKDUDFWHULVWLFV RI WKH UHOX IXQFWLRQ LV IDYRUDEOH IRU
PDNLQJQHXUDOQHWZRUNVFRQYHUJHUDSLGO\+RZHYHUVRPHRIWKH
ZHLJKWV RI QRGHV RI WKH QHXUDO QHWZRUNV ZLWK UHOX PD\ QRW EH
XSJUDGHGGXULQJWUDLQLQJLHD³GHDG]RQH´RFFXUV7KHDEVHQFH
RI DQ XSSHU ERXQG DQG WKH VPRRWK DQG QRQPRQRWRQLF
FKDUDFWHULVWLFVDUHWKHDGYDQWDJHVRIWKHVZLVKIXQFWLRQRYHURWKHU
H[LVWLQJDFWLYDWLRQIXQFWLRQV
( 3RROLQJ0HWKRG
$VWKHRULJLQDOLQSXWIHDWXUHEORFNKDVODUJHQXPEHURIIHDWXUHV
WKH FRPSXWDWLRQDO FRVW PD\ EHFRPH H[FHVVLYH LH LI DOO WKH
IHDWXUHV IURPRQHFRQYROXWLRQDO OD\HU DUHGLUHFWO\ DGRSWHG 7KH
SRROLQJRSHUDWLRQV\VWHPLVDSSOLHGWRFROOHFWVHPDQWLFDOO\VLPLODU
IHDWXUHVLQWKHSRROLQJZLQGRZZLWKLQDIHDWXUHVWUXFWXUHLQWRRQH
IHDWXUH7KLVKHOSVWRUHGXFHWKHVL]HRIIHDWXUHOD\RXWDQGDFKLHYH
WKHJRDOVRIGDWDGLPHQVLRQDOLW\UHGXFWLRQ>@
7KHUH LV VRPH GLIIHUHQFH LQ WKH HIIHFWLYHQHVV RI &11V ZLWK
GLIIHUHQWSRROLQJDSSURDFKHVRQYDULRXVGDWDVHWV&XUUHQWO\PD[
SRROLQJ DQG DYHUDJH SRROLQJ DUH WKH WZR PDLQ VWUHDP SRROLQJ
PHWKRGV>@
)RUWKHFRQYROYHGIHDWXUHWKHPD[SRROLQJPHWKRGVHOHFWVWKH
IHDWXUHZLWKWKHODUJHVWYDOXHZLWKLQWKHSRROLQJZLQGRZWRIRUP
WKHRXWSXWIHDWXUH$QH[DPSOHRIPD[SRROLQJPHWKRGLVVKRZQLQ
)LJ$îSRROLQJZLQGRZJHWVLQSXWIURPDFRQYROYHGIHDWXUH
GLDJUDP DQG WDNHV WKH IHDWXUH ZLWK WKH JUHDWHVW YDOXH LQ HDFK
ZLQGRZ WR JHQHUDWH D SRROHG IHDWXUH 0D[ SRROLQJ GLVFDUGV
QRQPD[LPDOIHDWXUHVDQGWKLVPD\UHVXOWLQLQIRUPDWLRQORVV
   
   
   
   
 
 
&RQYROYHGIHDWXUH 3RROHGIHDWXUH
3RROLQJ
)LJ6DPSOHRIPD[SRROLQJFRQYROYHGIHDWXUHVDUHGLYLGHGLQWRGLVMRLQW
IRXUîUHJLRQVDQGWDNHWKHPD[LPXPRIHDFKUHJLRQWRREWDLQWKHSRROHG
IHDWXUHV
7KH DYHUDJH SRROLQJ PHWKRG WDNHV WKH DYHUDJH RI WKH LQSXW
IHDWXUHVZLWKLQWKHSRROLQJZLQGRZ$YHUDJHSRROLQJVHOHFWVWKH
DYHUDJH YDOXH RI WKH IHDWXUHV LQ WKH SRROLQJ ZLQGRZ EXW WKLV
GLVFULPLQDWLRQRIGDWDPD\DOVRUHVXOWLQLQIRUPDWLRQORVV
7KH 5DQN EDVHG $YHUDJH 3RROLQJ 5$3 PHWKRG HIIHFWLYHO\
KDQGOHVWKHSUREOHPRIWKHORVVRIXVHIXOLQIRUPDWLRQFDXVHGE\
DYHUDJH SRROLQJ DQG PD[ SRROLQJ E\ ZHLJKWHG DYHUDJLQJ WKH
IHDWXUHV LQ WKH SRROLQJ ZLQGRZ >@ 5$3 FRPELQHV WKH
DGYDQWDJHVRIPD[SRROLQJDQGDYHUDJHSRROLQJWKHUHIRUHKDVD
EHWWHUSHUIRUPDQFHDVLWUHWDLQVWKHGLVFULPLQDWRU\IHDWXUHVORVWLQ
DYHUDJH SRROLQJ DQG WKH QRQPD[LPDO IHDWXUHV DEVROXWHO\
GLVFDUGHGLQPD[SRROLQJ>@
,9 &11%$6('3'3$77(515(&2*1,7,21
352&(66
7KH IORZFKDUW RI WKH &11 EDVHG 3' SDWWHUQ UHFRJQLWLRQ
PHWKRGIRUKLJKYROWDJHFDEOHVLVVKRZQLQ)LJ
3'VDPSOHV
3'WHVWLQJRQILYH
W\SHVRILQVXODWLRQ
GHIHFW

7UDLQLQJDQG
SDUDPHWHUV
RSWLPL]LQJRI
&11
6HOHFWLRQRI
WKHQXPEHU
RIQHWZRUN
OD\HUV
6HOHFWLRQRI
WKHVL]HRI
FRQYROXWLRQDO
NHUQHO
6HOHFWLRQRI
WKHW\SHRI
DFWLYDWLRQ
IXQFWLRQ
7KH
RSWLPL]DWLRQ
RI
SDUDPHWHUV
7KHGHVLJQDQG
LQLWLDOL]DWLRQRI&11
6HOHFWLRQRI
WKHSRROLQJ
PHWKRG
'DWDSUHSURFHVVLQJ
DQG3'SXOVH
H[WUDFWLRQ
3'IHDWXUHH[WUDFWLRQ
DQGQRUPDOL]DWLRQ
7UDLQLQJGDWDVHW
7HVWLQJGDWDVHW
&11EDVHG3'SDWWHUQ
UHFRJQLWLRQ
7KHUHVXOWVRI3'
SDWWHUQUHFRJQLWLRQ
)LJ7KHIORZFKDUWRI3'3DWWHUQ5HFRJQLWLRQEDVHGRQ&11
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7KH IROORZLQJ VWHSV H[SODLQ WKH GHWDLOV RI WKH VFKHPDWLF
GLDJUDPRIWKHSUHVHQWHGPHWKRG
6WHS)LYHW\SHVRIDUWLILFLDOLQVXODWLRQGHIHFWLQ(35FDEOH
ZHUHWHVWHGLQWKHODERUDWRU\DQGWKHH[SHULPHQWDOGDWDIURP3'
WHVWLQJZDVFROOHFWHG
6WHS  7KH H[SHULPHQWDO GDWD ZDV SUHSURFHVVHG DQG 3'
SXOVHVZHUHH[WUDFWHG
6WHS   NLQGV RI 3' IHDWXUHV ZHUH FRQVWUXFWHG DQG
QRUPDOL]HGDQGWKHIHDWXUHVZHUHXVHGDVWKHLQSXWWRWKH&11
6WHS7KH3'IHDWXUHGDWDVHWFRQWDLQLQJVHWVRI3'
WUDQVLHQWSXOVHVZDVHVWDEOLVKHGDQGGLYLGHGLQWRDWUDLQLQJVHW
DQG D WHVWLQJ VHW 7KH UDWLRRI WKH QXPEHU RI WUDLQLQJ VHWV WR
WHVWLQJVHWVZDV
6WHS7KH&11DUFKLWHFWXUHZDVGHVLJQHGDQGLQLWLDOL]DWLRQ
RIWKH&11ZDVSHUIRUPHG7KHJUDGLHQWGHVFHQWPHWKRGZDV
XVHGRQWKHWUDLQLQJVHWWRGHFUHDVHWKHHUURUUDWHEHWZHHQWKH
SUHGLFWHGRXWSXWDQGWKHDFWXDORXWSXWWRWUDLQWKH&11PRGHO
7KH LGHDO FKRLFH RI WKH SDUDPHWHUV LQFOXGLQJ WKH QXPEHU RI
QHWZRUN OD\HUV WKH FRQYROXWLRQDO NHUQHO VL]H WKH DFWLYDWLRQ
IXQFWLRQDQGWKHSRROLQJPHWKRGVZHUHGHWHUPLQHG
6WHS  7KH SHUIRUPDQFH RI WKH &11 EDVHG 3' SDWWHUQ
UHFRJQLWLRQPHWKRGZDVHYDOXDWHGRQWKHWHVWLQJVHW
9 5(68/76$1'(9$/8$7,21
,QWKLVVHFWLRQWKH3'SDWWHUQUHFRJQLWLRQUHVXOWVRI&11IRU
KLJK YROWDJH FDEOHV ZHUH HYDOXDWHG LQ WHUPV RI QXPEHU RI
QHWZRUN OD\HUV WKH FRQYROXWLRQDO NHUQHO VL]H WKH DFWLYDWLRQ
IXQFWLRQ DQG WKH SRROLQJ PHWKRG )XUWKHUPRUH WKH SURSRVHG
DSSURDFK ZDV FRPSDUHG ZLWK WKH WUDGLWLRQDO PHWKRGV LH
%311DQG690
7KH FRPSXWHU FRQILJXUDWLRQ ZDV DV IROORZV WKH RSHUDWLQJ
V\VWHP LV :LQGRZV  WKH &38 LV ,QWHO L0 DQG WKH
PHPRU\VL]HLV*%
$ 5HVXOWVRI3'3DWWHUQ5HFRJQLWLRQRI&11ZLWK'LIIHUHQW
1XPEHURI1HWZRUN/D\HUV
7KHSHUIRUPDQFHRI&11ZLWKGLIIHUHQWQXPEHURIQHWZRUN
OD\HUV ZDV WHVWHG 7KH VWUXFWXUH RI HDFK &11 KDG VLPLODU
FKDUDFWHULVWLFV LH WKH VDPH QXPEHU RI FRQYROXWLRQDO DQG
SRROLQJ OD\HUV DQG D VLQJOH IXOO\ FRQQHFWHG OD\HU IRU
FODVVLILFDWLRQ,QDGGLWLRQWKH5$3SRROLQJPHWKRGWKHVZLVK
DFWLYDWLRQIXQFWLRQDQGFRQYROXWLRQDONHUQHOVL]HRIîZHUH
DGRSWHG7KHILUVW&11KDGOD\HUVFRQYROXWLRQDOOD\HU
SRROLQJ OD\HU DQG IXOO\ FRQQHFWHG OD\HU WKH VHFRQGKDG
OD\HUVFRQYROXWLRQDOSRROLQJDQGIXOO\FRQQHFWHGOD\HU
XSWRWKHILQDO&11RIOD\HUVFRQYROXWLRQDOSRROLQJDQG
IXOO\FRQQHFWHGOD\HUUHVXOWVDUHVKRZQLQ)LJ
$V WKH QXPEHU RI QHWZRUN OD\HUV LQFUHDVHV WKH DELOLW\ RI
&11 WR ILW WKH UHIHUHQFH GDWD ZLOO LQFUHDVH EXW WKH ULVN RI
RYHUILWWLQJDOVRLQFUHDVHVHVSHFLDOO\ZKHQWKHVDPSOHGDWDLV
VPDOO$V WKHUH DUH VDPSOHV LQ WKH GDWD VHWZKLFK LV D
UHODWLYHO\VPDOOQXPEHUWKHRSWLPDOQXPEHURIQHWZRUNOD\HUV
VKRXOGEHUHODWLYHO\VPDOO$VVKRZQLQ)LJDPRQJWKH
PRGHOVJHQHUDWHGWKHOD\HU&11KDVWKHKLJKHVWRYHUDOO3'
SDWWHUQUHFRJQLWLRQDFFXUDF\DQGWKHKLJKHVWSDWWHUQUHFRJQLWLRQ
DFFXUDF\IRUHYHU\W\SHRIGHIHFW
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)LJ &RPSDULVRQRI UHFRJQLWLRQ HUURURI&11ZLWKGLIIHUHQWQXPEHURI
OD\HUV
% 5HVXOWVRI3'3DWWHUQ5HFRJQLWLRQRI&11ZLWK'LIIHUHQW
&RQYROXWLRQDO.HUQHO6L]HV
7KLV VHFWLRQ VKRZV WKDW &11 ZLWK GLPHQVLRQDO
FRQYROXWLRQDO NHUQHOV RI VL]H QîQ KDYH GLIILFXOW\ ZLWK
FRQGXFWLQJQHWZRUN WUDLQLQJ DQGKDYHQRQLGHDO SHUIRUPDQFH
RZLQJ WR D VLJQLILFDQW LQFUHDVH LQ WKH QXPEHU RI QHWZRUN
SDUDPHWHUV FRPSDUHG WR &11 ZLWK GLPHQVLRQDO
FRQYROXWLRQDO NHUQHOV RI VL]H îQ +HQFH WKH 3' SDWWHUQ
UHFRJQLWLRQUHVXOWVRI&11VZLWKFRQYROXWLRQDONHUQHOVL]HVRI
î WRîDUHSUHVHQWHG%DVHGRQ WKHSUHYLRXVVHFWLRQ WKH
QXPEHURIQHWZRUNOD\HUVZDVVHWWRDQGWKHRWKHUSDUDPHWHU
VHWWLQJVDUHWKHVDPHDVWKRVHVKRZQLQVHFWLRQ9$7HVWUHVXOWV
DUHVKRZQLQ)LJ
&RQYROXWLRQNHUQHOVL]H







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î î î î î î î î )LJ&RPSDULVRQRIUHFRJQLWLRQHUURURI&11ZLWKGLIIHUHQWFRQYROXWLRQ
NHUQHOVL]HV
7KH VL]H RI WKH FRQYROXWLRQDO NHUQHO LV RI VLJQLILFDQW
LPSRUWDQFHWRWKH3'SDWWHUQUHFRJQLWLRQSHUIRUPDQFHRI&11
$ VPDOO FRQYROXWLRQDO NHUQHO VL]H ZLOO UHVWULFW WKH IHDWXUH
DEVWUDFWLQJ DQG H[SUHVVLQJ FDSDELOLWLHV RI &11 ZKLOH D ELJ
FRQYROXWLRQ NHUQHO VL]H ZLOO FDXVH UHGXQGDQW FRPSXWDWLRQ
)URP )LJ  LW FDQ EH VHHQ WKDW WKH 3' SDWWHUQ UHFRJQLWLRQ
DFFXUDF\RI&11ZLWKDFRQYROXWLRQDONHUQHOVL]HRIîî
DQG î LV   DQG  UHVSHFWLYHO\
)XUWKHUPRUH WKH WUDLQLQJ WLPH RI &11 ZLWK D FRQYROXWLRQDO
NHUQHO VL]H RI î î DQG î ZDV V V DQG V
UHVSHFWLYHO\ $V WKH VL]H RI WKH FRQYROXWLRQDO NHUQHO ZDV
LQFUHDVHGIURPîWRîWKH3'SDWWHUQUHFRJQLWLRQDFFXUDF\
RI &11 LQFUHDVHV DW ILUVW DQG WKHQ SODWHDXV +RZHYHU WKH
WUDLQLQJWLPHKDVDQDSSUR[LPDWHO\OLQHDULQFUHDVH)URPWKLVD
&11 ZLWK FRQYROXWLRQDO NHUQHO VL]H RI î KDV WKH KLJKHVW
SDWWHUQUHFRJQLWLRQDFFXUDF\DQGPRGHUDWHFRPSXWDWLRQDOFRVW
ZKLFK PHDQV WKH EHVW FRPSUHKHQVLYH SDWWHUQ UHFRJQLWLRQ
SHUIRUPDQFH7KHUHVXOWVYDOLGDWHWKHDQDO\VLVRI WKHHIIHFWRI
FRQYROXWLRQDO NHUQHO VL]H RQ WKH SDWWHUQ UHFRJQLWLRQ
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
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SHUIRUPDQFHRI&11LQVHFWLRQ,,,&
& 5HVXOWVRI3'3DWWHUQ5HFRJQLWLRQRI&11ZLWK'LIIHUHQW
$FWLYDWLRQ)XQFWLRQV
7KH W\SHRI DFWLYDWLRQ IXQFWLRQ DSSOLHG VWURQJO\ DIIHFWV WKH
HIIHFWLYHQHVVRI&11SDWWHUQUHFRJQLWLRQ>@,QWKLVSDSHUWKH
SDWWHUQUHFRJQLWLRQSHUIRUPDQFHRI&11VZLWKIRXUDFWLYDWLRQ
IXQFWLRQVQDPHO\WDQKVLJPRLGUHOXDQGVZLVKZDVFRPSDUHG
XVLQJDFRQYROXWLRQDONHUQHOVL]HRIîEXWUHWDLQLQJWKHRWKHU
SDUDPHWHUVDVRXWOLQHGLQVHFWLRQ9%7KHUHVXOWVDUHVKRZQLQ
)LJ
)URP )LJ  WKH VZLVK IXQFWLRQ KDV D KLJKHU SDWWHUQ
UHFRJQLWLRQDFFXUDF\WKDQ&11VZLWKWKHRWKHUWKUHHDFWLYDWLRQ
IXQFWLRQV
 VZLVK WDQKUHOX  VLJPRLG
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



    3'W\SH )LJ   &RPSDULVRQ RI UHFRJQLWLRQ DFFXUDF\ RI &11 XVLQJ  DFWLYDWLRQ
IXQFWLRQV
' 5HVXOWVRI3'3DWWHUQ5HFRJQLWLRQRI&118VLQJ'LIIHUHQW
3RROLQJ0HWKRGV
7KH3'SDWWHUQUHFRJQLWLRQSHUIRUPDQFHRI&11VZLWKWKUHH
SRROLQJPHWKRGVLHDYHUDJHSRROLQJPD[SRROLQJDQG5$3
DUHFRPSDUHG7KHDFWLYDWLRQIXQFWLRQDGRSWHGLVVZLVKRWKHU
SDUDPHWHUVDUHWKHVDPHDVWKRVHLQVHFWLRQ9&7KHUHVXOWVDUH
VKRZQLQ)LJ
)URP )LJ  &11 ZLWK 5$3 KDV WKH KLJKHVW 3' SDWWHUQ
UHFRJQLWLRQ DFFXUDF\ IRU HYHU\ W\SH RI 3' IDXOW W\SH $V
GLVFXVVHG 5$3 KDV WKH DELOLW\ WR PHUJH WKH DGYDQWDJHV RI
DYHUDJHSRROLQJDQGPD[SRROLQJUHVXOWLQJLQ&11ZLWK5$3
KDYLQJ WKH EHVW 3' SDWWHUQ UHFRJQLWLRQ SHUIRUPDQFH 7KH
RYHUDOO SDWWHUQ UHFRJQLWLRQ DFFXUDF\ RI &11 ZLWK 5$3 LV
ZKLFKLVDQGEHWWHUWKDQ&11VDGRSWLQJ
PD[SRROLQJDQGDYHUDJHSRROLQJUHVSHFWLYHO\
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 5$3
)LJ&RPSDULVRQRIUHFRJQLWLRQHUURURI&11XVLQJSRROLQJPHWKRGV
( 3DWWHUQ5HFRJQLWLRQ5HVXOWVDQG9LVXDOL]DWLRQRI&11
%DVHG RQ WKH IRUHJRLQJ DQDO\VLV WKH ILQDO DGRSWHG
DUFKLWHFWXUHRI&11FRQWDLQVFRQYROXWLRQDOOD\HUVSRROLQJ
OD\HUVDQGIXOO\FRQQHFWHGOD\HUIRUFODVVLILFDWLRQ7KHRWKHU
SDUDPHWHUFRQILJXUDWLRQVRI&11LQWKLVZRUNDUH5$3SRROLQJ
VZLVKDFWLYDWLRQIXQFWLRQDQGFRQYROXWLRQDONHUQHOVL]HRIî
7KH FRQIXVLRQ PDWUL[ IRU 3' SDWWHUQ UHFRJQLWLRQ RI &11 LV
VKRZQLQ)LJ
$V FDQ EH VHHQ LQ )LJ  KLJK HUURU UDWHV H[LVW IRU GHIHFW
W\SHVZLWKKLJKVLPLODULW\QDPHO\3'W\SHDQGW\SH7KH
GHJUHHRIFRQIXVLRQDPRQJWKH3'SDWWHUQUHFRJQLWLRQUHVXOWV
RIGHIHFWW\SHVDQGDUHRIWKHVDPSOHVRIGHIHFWW\SH
DUHPLVLGHQWLILHGDVW\SHRIWKHVDPSOHVRIGHIHFW
W\SH  ZHUH PLVLGHQWLILHG DV W\SH  7KH UHVXOW YHULILHV WKH
DQDO\VLVRI353'LQVHFWLRQDQGLVWKHPDLQUHDVRQIRUWKH
QHHGWRLPSURYHRYHUDOO3'SDWWHUQUHFRJQLWLRQDFFXUDF\
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)LJ3'SDWWHUQFODVVLILFDWLRQFRQIXVLRQPDWUL[
,Q RUGHU WR LOOXVWUDWH WKH IHDWXUH DEVWUDFWLQJ DQG H[SUHVVLQJ
FDSDELOLWLHVRI&11WKHW61(DOJRULWKPZDVDSSOLHGWRPDS
WKHRULJLQDO3'IHDWXUHVDQGWKHRXWSXWRIHDFKFRQYROXWLRQDO
OD\HURI&11WRDWZRGLPHQVLRQDOSODQHIRUYLVXDOL]DWLRQ>@
7KH UHVXOWV DUH VKRZQ LQ )LJ  7KH W61( DOJRULWKP LV D
QRQOLQHDU GLPHQVLRQDOLW\ UHGXFWLRQ WHFKQLTXH IXUWKHU
LQIRUPDWLRQRQW61(FDQEHIRXQGLQ>@
,Q)LJLWFDQEHREVHUYHGWKDWGDWDSRLQWVIRUHDFKGHIHFW
W\SH DUH JURXSHG WRJHWKHU LQ WKH RULJLQDO IHDWXUH VSDFH $V
H[SHFWHG WKH GHJUHH RI RYHUODS IRU SRLQWV FRUUHVSRQGLQJ WR
GHIHFWW\SHVDQGDUHSDUWLFXODUO\ODUJH
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DWKHRULJLQDOIHDWXUHVSDFH EVW&RQYROXWLRQOD\HU'LPHQVLRQ
3'7\SH 3'7\SH 3'7\SH 3'7\SH
'LPHQVLRQ GUG&RQYROXWLRQOD\HU'LPHQVLRQ
)LJ'YLVXDOL]DWLRQRI WKHRULJLQDOIHDWXUHVSDFHDQGWKHFRQYROXWLRQDO
OD\HURXWSXW
7KHYLVXDOL]DWLRQUHVXOWVRIHDFKFRQYROXWLRQDOOD\HURXWSXWLQ
&11 DUH DOVR VKRZQ LQ )LJ  )URP WKLV LW FDQ EH FOHDUO\
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REVHUYHGWKDWDVWKHQXPEHURIFRQYROXWLRQDOOD\HUVLQFUHDVHV
WKH VDPSOHV PDWFKLQJ WR WKH ILYH GHIHFW W\SHV EHFRPH
V\VWHPDWLFDOO\ PRUH VHSDUDWHG $IWHU EHLQJ SURFHVVHG E\ WKH
ILUVWFRQYROXWLRQDOOD\HUWKHFOXVWHUVRIILYHIDXOWW\SHVKDYHD
JUHDWHUGHJUHHRIVHSDUDWLRQ WKDQWKRVHLQWKHRULJLQDOIHDWXUH
VSDFHWKHGLVFULPLQDWLRQRIW\SHVDQGLVUHODWLYHO\ODUJH
$IWHUEHLQJSURFHVVHGE\ WKH VHFRQGFRQYROXWLRQDO OD\HU WKH
UHODWLYH VHSDUDWLRQ RI WKH ILYH W\SHV RI GHIHFW LV JUHDWHU WKDQ
WKRVHLQWKHSUHYLRXVFRQYROXWLRQDOOD\HU$IWHUEHLQJKDQGOHG
E\WKHWKLUGFRQYROXWLRQDOOD\HUWKHVDPSOHVSRLQWFOXVWHUVDUH
PRUH FRQFHQWUDWHG DQG GLIIHUHQWLDEOH IURP HDFK RWKHU 7KH
FRQWULEXWLRQRIHDFKFRQYROXWLRQDOOD\HURI&11WRGLVWLQJXLVK
WKH FRPSOHPHQWDU\ VDPSOHV RI WKH ILYH W\SHV RI GHIHFW LV
YLVXDOO\LQGLFDWHGLQ)LJUHSUHVHQWLQJWKHSULQFLSOHRIWKH
OD\HUZLVHRSWLPL]DWLRQRIWKHGHHSQHXUDOQHWZRUN
) &RPSDULVRQZLWKWKH7UDGLWLRQDO3DWWHUQ5HFRJQLWLRQ
0HWKRGV
7RH[SUHVVWKHDGYDQWDJHVRI3'SDWWHUQUHFRJQLWLRQEDVHGRQ
WKH&11PHWKRG3'SDWWHUQUHFRJQLWLRQE\%311DQG690
ZDVDOVRVWXGLHG&RPSDUDWLYHUHVXOWVDUHVKRZQLQ7DEOH
7$%/(,,
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'HIHFW
W\SH 7\SH 7\SH 7\SH 7\SH 7\SH $FFXUDF\
7UDLQLQJ
7LPH
&11       V
%311       V
690       V
)URP7DEOHRYHUDOO3'SDWWHUQUHFRJQLWLRQDFFXUDF\UDWHRI
&11 LV  ZKLFK ZDV WKH KLJKHVW DPRQJ WKH WKUHH
PHWKRGV7KHRYHUDOODFFXUDF\RI690LVDQGWKDWRI
%311 ZDV  %311 ZDV ORZHVW DPRQJ RI WKH
DSSURDFKHV &RPSDUHG WR %311 DQG 690 RYHUDOO SDWWHUQ
UHFRJQLWLRQ DFFXUDF\ RI &11 ZDV LQFUHDVHG E\  DQG
 UHVSHFWLYHO\ )XUWKHUPRUH WKH SDWWHUQ UHFRJQLWLRQ
DFFXUDF\ RI &11 IRU HYHU\ W\SH RI GHIHFW ZDV WKH KLJKHVW
DPRQJDOOPHWKRGV7KHGHJUHHRIGLVWLQFWLRQRIGHIHFWW\SHV
DQGLVUHODWLYHO\KLJKPDNLQJLWHDVLHUWRGLIIHUHQWLDWHWKH
WKUHH GHIHFW W\SHV 3' SDWWHUQ UHFRJQLWLRQ DFFXUDF\ UDWHV RI
&11 IRU IDXOW W\SHV   DQG  DUH   DQG
UHVSHFWLYHO\$VGLVFXVVHGGHIHFWW\SHVDQGKDYH
KLJKVLPLODULW\&11KDVD3'SDWWHUQUHFRJQLWLRQDFFXUDF\IRU
GHIHFWW\SHRIZKLFKZDVDQGEHWWHU
WKDQ%311DQG6907KHDFFXUDF\RI&11IRUGHIHFWW\SH
LVZKLFKZDVDQGEHWWHUWKDQ%311
DQG690UHVSHFWLYHO\
2QH GLVDGYDQWDJH RI &11 LV WKDW WKH PHWKRG WDNHV PRUH
WUDLQLQJWLPHWKDQ%3117KHWUDLQLQJ WLPHRI&11LV
VHFRQGV DQG WKH WUDLQLQJ WLPH RI %311 LV  VHFRQGV 7KH
WUDLQLQJ WLPH RI 690 LV  VHFRQGV ZKLFK LV FORVH ZLWK
&117KHWHVWLQJWLPHIRUGLIIHUHQWPHWKRGV&11%311DQG
690LVOHVVWKDQVHFRQG
9, &21&/86,216$1'',6&866,216
$FRQYROXWLRQDOQHXUDOQHWZRUNEDVHGGHHSOHDUQLQJPHWKRG
IRU 3' SDWWHUQ UHFRJQLWLRQ RI GLIIHUHQW W\SHV RI LQVXODWLRQ
GHIHFWV LQ+9FDEOHVZDVH[SODLQHG7KHSURSRVHG WHFKQLTXH
ZDVFRPSDUHGZLWKWUDGLWLRQDO690DQG%311PHWKRGV7KH
FRQFOXVLRQVGUDZQZHUHDVIROORZV
x 7KH &11 EDVHG 3' SDWWHUQ UHFRJQLWLRQ PHWKRG
SURSRVHGKHUHLVSURYHQWREHHIIHFWLYHHYDOXDWHGZLWK
VHWVRI3'VDPSOHVREWDLQHGIURPH[SHULPHQW7KH
RYHUDOOSDWWHUQUHFRJQLWLRQDFFXUDF\RI3'VLJQDOVIURP
ILYHW\SHVRIGHIHFWLVDQLQFUHDVHRIDQG
FRPSDUHGZLWK%311DQG690
x 7KHSURSRVHG&11EDVHG3'SDWWHUQUHFRJQLWLRQLVDOVR
HIIHFWLYHIRUGHIHFWW\SHVZLWKKLJKVLPLODULW\HJW\SH
DQGW\SH3'7KH3'SDWWHUQUHFRJQLWLRQDFFXUDF\RI
&11 IRU GHIHFW W\SH  ZDV  DQG  EHWWHU
WKDQ %311 DQG 690 UHVSHFWLYHO\ 7KH DFFXUDF\ RI
&11IRUGHIHFWW\SHZDVDQGEHWWHU
WKDQ%311DQG690
x $VRXWOLQHGLQWKHSDSHUWKHVWUXFWXUHRIWKH&11LHWKH
QXPEHURIQHWZRUN OD\HUV WKHFRQYROXWLRQDONHUQHOVL]H
WKH DFWLYDWLRQ IXQFWLRQ DQG WKH SRROLQJ PHWKRG DSSOLHG
DIIHFWV WKH DFFXUDF\ RI WKH &11 EDVHG 3' SDWWHUQ
UHFRJQLWLRQPHWKRG
x $VWKHQXPEHURIQHWZRUNOD\HUVLQFUHDVHVWKHDELOLW\RI
&11WRFRUUHFW WKHUHIHUHQFHGDWDLQFUHDVHV%DVHGRQ
WKH GDWDVHW XVHG LQ WKLV ZRUN D OD\HU &11 KDV WKH
KLJKHVWRYHUDOO3'SDWWHUQUHFRJQLWLRQDFFXUDF\DQGWKH
KLJKHVWDFFXUDF\IRUHDFKW\SHRIGHIHFW
x 7KHVL]HRIWKHFRQYROXWLRQDONHUQHOKDVVLJQLILFDQWLPSDFW
RQ WKH&11EDVHG3'SDWWHUQ UHFRJQLWLRQDFFXUDF\)RU
WKLVGDWDVHWDFRQYROXWLRQDONHUQHOVL]HRIîLVVKRZQWR
EHPRVWDFFXUDWHDQGWRKDYHPRGHUDWHFRPSXWDWLRQDOFRVW
x %DVHG RQ WKH GDWDVHW WKH RYHUDOO SDWWHUQ UHFRJQLWLRQ
DFFXUDF\IRU WKHILYHW\SHVRI3'VLJQDOVEDVHGRQ&11
ZLWK VZLVK ZDV EHWWHU E\   DQG 
FRPSDUHG ZLWK &11V ZLWK WDQK VLJPRLG DQG UHOX
UHVSHFWLYHO\
x 7KHRYHUDOODFFXUDF\UDWHIRU3'SDWWHUQUHFRJQLWLRQEDVHG
RQ &11 ZLWK 5$3 ZDV EHWWHU E\  DQG 
FRPSDUHG ZLWK &11V ZLWK PD[ SRROLQJ DQG DYHUDJH
SRROLQJV\VWHPVUHVSHFWLYHO\
$OOVWXGLHVLQWKHSDSHUZHUHEDVHGRQODERUDWRU\VLPXODWHG
DUWLILFLDO GHIHFWV 7KH PDMRU UHDVRQ LV IRU PRVW RQOLQH 3'
PRQLWRULQJ V\VWHPV RU RQVLWH 3' WHVWLQJ LW LV GLIILFXOW WR
FRUUHODWH3'VLJQDOVZLWKFRUUHVSRQGLQJFDEOHGHIHFW W\SHV LI
FDEOH PDLQWHQDQFH LV QRW FDUULHG RXW DIWHU 3' VLJQDOV DUH
GHWHFWHG :KHWKHU WKH SDWWHUQ UHFRJQLWLRQ PHWKRGV EDVHG RQ
DUWLILFLDO GHIHFWV FRXOG EH DSSOLHG WR DFWXDO GHIHFWV RU QRW
GHSHQGVRQZKHWKHUWKHDUWLILFLDOGHIHFWVDUHWKHVDPHDVWKHUHDO
GHIHFWV
7KH SURSRVHG &11 EDVHG 3' SDWWHUQ UHFRJQLWLRQ VKRZV
UHPDUNDEOH LPSURYHPHQW IRU 3' W\SH  DQG W\SH  EXW WKH
SDWWHUQUHFRJQLWLRQDFFXUDFLHVDUHVWLOOQRWWRRKLJKIRU
3'W\SHDQGIRU3'W\SH7KHPDMRUUHDVRQLV3'
W\SHDQGW\SHDUHPXFKWRRVLPLODUZLWKHDFKRWKHU)XUWKHU
UHVHDUFKVXFKDVQHZ3'IHDWXUHVFRQVWUXFWLRQRUQHZSDWWHUQ
UHFRJQLWLRQ PHWKRGV GHYHORSPHQW VKRXOG EH FDUULHG RXW WR
IXUWKHULPSURYHWKHSDWWHUQUHFRJQLWLRQDFFXUDF\
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8QLYHUVLW\ IXQGHG E\ (') (QHUJ\ +H LV FXUUHQWO\ DQ
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PRQLWRULQJRI09+9SODQWDQGSRZHUV\VWHPDQDO\VLV+HLVPHPEHURI,(7
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